the most life-threatening and least common, are deep vein thrombosis, [5] [6] [7] pulmonary emboli, [8] [9] [10] and fat emboli. Early complications are seroma, hematoma, infection, and skin necrosis/dehiscence. [11] [12] [13] [14] [15] Late complications include asymmetry of abdominal contour, recurrent diastasis, and scar hypertrophy. 3 The risk of these complications is increased in patients who are obese, [16] [17] [18] [19] patients who smoke, [20] [21] [22] and patients who have diabetes mellitus. 13, 23 A lesser-discussed, underexplored risk of abdominoplasty procedures is nerve injury. The standard abdominoplasty technique requires an incision along the lower aspect of the abdomen, where nerves such as the femoral, lateral femoral cutaneous, iliohypogastric, and ilioinguinal are potentially within the surgical field. Damage to these nerves is associated with chronic pain, numbness, and paralysis and can drastically affect a patient's quality of life. [24] [25] [26] Articles exist that specifically characterize skin sensitivity changes after abdominoplasty, [27] [28] [29] [30] but most studies only briefly mention nerve injury as a potential complication. We sought to determine the incidence of nerve injury after abdominoplasty by performing a systematic review of the literature with pooled analysis of results from the existing literature. Secondarily, we present a comprehensive treatment algorithm for patients who do experience nerve injury. This information can further patients' understanding of abdominoplasty's risks and raise plastic surgeons' awareness of the incidence and treatment of postabdominoplasty nerve injury.
MEthods

Search Strategy
We conducted a search of the literature on MEDLINE, EMBASE, and the Cochrane Database of Systematic Reviews. The strategy was to use the "and" function to combine terms identifying procedures with terms identifying nerve injury. Key search terms for abdominoplasty included abdominoplast*, body contour*, and liposuction. Key search terms for nerve injury included hypesthesia, nerve damage, nerve injur*, neuralg*, neuroma, neuropath*, numb*, pain, paraly*, paresis, paresthesia, sens*, and weak*. Subject headings were incorporated wherever possible. The search was deliberately broad in order to capture the greatest number of articles. It was not limited by date of publication but was limited to the English language. With the exception of narrative reviews, editorials, letters, commentaries, and erratum, all study types were included. Additional studies were identified by reviewing the reference lists of relevant articles from our search results and by contacting experts in the field.
Selection Criteria and Quality Assessment
Specific inclusion and exclusion criteria, shown in Table 1 , were established before conducting the search. We initially searched for articles pertaining to nerve injuries that occurred in the context of several cosmetic procedures. Articles specific to abdominoplasty were then selected from those results.
Procedures that were nonsurgical, revisional (correctional procedures after a primary procedure), or reconstructive (procedures to correct a defect or pathology) were excluded, as were studies that did not mention nerve injury in the full text. To eliminate bias and provide the most accurate incidence of nerve injury possible, studies that noted a nerve injury incidence of 0 were included, and "zero" was recorded in the data input form.
Our initial search yielded 4806 citations, 717 of which were eliminated as duplicates. Three independent reviewers (SA, JMF, and HMZ) evaluated titles and abstracts, applied the inclusion and exclusion criteria, and excluded all irrelevant studies. Full text was obtained for 458 citations, 42 of which related to abdominoplasty. Of the 42 citations, 26 were eliminated by the exclusion criteria during full-text review. Extensive hand-searching yielded 7 additional articles that met our criteria. Ultimately, a total of 23 citations were included and reviewed. Figure 1 details the process of identifying articles to include in this review.
The quality of the studies was assessed using the American Society of Plastic Surgeons Evidence Rating Scale for Prognostic Studies, published in 2011. 31 
Data Extraction
Two investigators (SA and HMZ) independently reviewed articles for data extraction. Characteristics recorded for each article included year of publication, journal title, study type, and level of evidence (LOE). Population characteristics recorded included location, sex, average age, and average body mass index (BMI). Any mentions of nerve injury, including references to a lack of nerve injury, were documented. Whenever possible, investigators recorded the specific nerve injured, deficits associated with the nerve injury, and duration of injury.
Statistical Methods
The specific data points from each article were recorded in a Microsoft Excel (Microsoft Corp, Redmond, Washington) data sheet. All data were pooled for analysis; specifically, we combined the patients, the number of nerve injuries, and the number of nerve deficits from the 23 selected articles. From our combined data, we calculated the risk by dividing the total number of nerve injuries by the total number of patients. A true metaanalysis was not feasible given the heterogeneity of the substrate studies.
REsuLts
Clinical Data
A total of 23 studies discussed sensory changes or nerve injury after abdominoplasty: 4 case reports (LOE 5), [32] [33] [34] [35] 3 case series (LOE 4), 25, 36, 37 4 case-control studies (LOE 3), [27] [28] [29] 38 and 12 retrospective or prospective cohort studies (LOE 2). 9, 14, 23, 26, 30, [39] [40] [41] [42] [43] [44] [45] Two studies specifically mentioned a 0 rate of nerve injury. 28, 36 Table 2 details the characteristics of these studies.
Total Risk of Nerve Injury
The risk of any nerve injury calculated with data pooled from the 23 selected studies was 1.94% (n = 40/2061 patients undergoing abdominoplasty). Postabdominoplasty nerve injuries can be divided into those injured secondary to the abdominoplasty incision and those injured secondary to surgical positioning. The pooled risk calculated for incisional nerve injury was 1.46% (n = 30/2061). The pooled risk calculated for positional nerve injury was 0.49% (n = 10/2061 patients).
Nerves injured from abdominoplasty incisions, with their respective risks, were the lateral femoral cutaneous (1.36%; n = 28/2061 patients) and the iliohypogastric (0.10%; n = 2). Nerves injured from surgical positioning during abdominoplasty, with their respective risks, were the brachial plexus (0.10%; n = 2/2061 patients), the musculocutaneous (0.10%; n = 2), the radial (0.05%; n = 1), the sciatic (0.19%; n = 4), and the common peroneal (0.05%; n = 1). Table 3 shows the risk of specific nerve injury after abdominoplasty as well as the rates of recovery for each.
Incisional Injuries
Lateral Femoral Cutaneous Nerve
The lateral femoral cutaneous nerve (LFCN) was injured after abdominoplasty in 6 studies 9, 14, 26, 38, 39, 44 and was the nerve most commonly injured after abdominoplasty. The percent of patients who sustained LFCN injury within each study varied greatly, ranging from 0.36% 14 to 10%. 39 The pooled risk calculated for injury to the LFCN was 1.36% (n = 28/2061 patients).
Gmür et al's prospective study of 73 patients sought to determine the safety of combining abdominoplasty with dermolipectomy procedures of the upper arms, inner thighs, breasts, and buttocks among patients who had undergone any weight loss. 38 They noted that 1 patient had dysesthesia of the LFCN but do not elaborate further. 38 A retrospective study by Floros and Davis 26 examined the complications and results of 133 patients who had undergone abdominoplasty. They identified a total of 13 patients who experienced injury to the LFCN, with eventual recovery over an unspecified period of time in 4 patients and partial recovery in 1 patient. Eleven of the 13 patients with LFCN injuries were within a cohort of 34 patients who responded to a survey and attended followup clinics 4.5 years after their abdominoplasty, creating the oft-cited >30% rate of LFCN nerve injury (11 of 34). 26 The higher number of patients with LFCN injury in the cohort of patients who attended postoperative clinics is likely due to closer follow-up over a longer period of time. This patient population is also less likely to have confounding postoperative surgical symptoms, simplifying the A retrospective study by Al-Qattan 39 presented the complications of 20 multiparous women with severe musculoaponeurotic laxity who had undergone abdominoplasty. Two patients in his cohort sustained injury to the LFCN that was described as "permanent," without further elaboration.
A retrospective study by van Uchelen et al 9 sought to characterize postabdominoplasty complications in 86 patients. They noted that 7 women and 1 man sustained injury to the LFCN but do not elaborate further.
A retrospective study by Stewart et al 14 surveyed complications of 278 patients who had undergone abdominoplasty. They noted that 1 patient had altered thigh sensation. No further elaboration was provided.
A retrospective study by Pollock and Pollock 44 focused on the use of progressive tension sutures in 597 abdominoplasty patients. Their findings indicated that progressive tension sutures could minimize seroma and potentially decrease other complications. After undergoing abdominoplasty, 3 patients had pain radiating within the LFCN distribution. Their symptoms were treated by wound exploration with local anesthesia. It was discovered that the LFCN was entrapped by a 3-point suture that had been placed in the superficial fascia at the level of the incision. Release of the suture resulted in instant relief for these 3 patients. 44 Deficits and consequences of LFCN injury were not extensively elaborated upon in these studies. One study reported "disastrous" consequences to 1 woman's sex life as a result of an LFCN injury. 26 Another study reported "dysesthesia," 38 and another reported pain after LFCN suture entrapment. 44 Specific information regarding recovery from nerve injury was mentioned in 2 studies: Floros and Davis 26 and Pollock and Pollock. 44 Four patients in the Floros and Davis study recovered without any management over an unspecified period of time. The 3 patients in the Pollock and Pollock study required exploration with local anesthesia to release sutures that had entrapped the LFCN.
Assuming all other patients who sustained LFCN injury did not recover, only 25% (7 of 28 injured patients) recovered, so 1.02% (21 of 2061 patients) undergoing abdominoplasty sustained permanent injury to their LFCN.
Iliohypogastric Nerve
The iliohypogastric nerve was the second most commonly injured nerve postabdominoplasty. The combined risk calculated for iliohypogastric nerve injury was 0.10% (n = 2/2061).
Two cases were reported by Liszka et al 32 and Nahabedian and Dellon. 25 The case report by Liszka et al included information about a 62-year-old woman who had undergone abdominoplasty 4 years prior. Her symptoms of nerve injury began 6 weeks after the procedure. 32 She initially complained of lower abdominal pain and "pulling," which progressed to "poking and throbbing" that was accentuated by ambulation. These symptoms prevented her from resuming normal activities. Her examination showed nonfocal pain, except for tenderness along her scars. An extensive abdominal workup revealed no pathology. After referral to a pain clinic, the woman was diagnosed with sensory nerve entrapment, which was confirmed with lidocaine block of the iliohypogastric and ilioinguinal nerves. She underwent reexploration and neurolysis of her iliohypogastric nerves. Pathologic examination revealed a neuroma with foci of birefringent material consistent with suture. Her symptoms resolved with surgery. 32 In the case series by Nahabedian and Dellon, 25 1 patient sustained a postabdominoplasty injury to the iliohypogastric nerve, which was treated 43 months after her initial procedure. Symptoms of the injury included pain, burning, and/or numbness along the sensory distributions of the affected nerve. Tinel's sign was positive at the site of nerve injury, and nerve block relieved the pain. The patient was treated with neuroma excision, and the transected nerve was allowed to retract into the retroperitoneum. 25 
Positional Injuries
Six articles reported nerve injury after abdominoplasty due to patient positioning. 9, [33] [34] [35] 38, 42 The injured nerves, with calculation of pooled risks, were the brachial plexus 33 (0.10%; n = 2/2061 patients), the musculocutaneous 9,42 (0.10%; n = 2), the radial 9 (0.05%; n = 1), the sciatic 34, 35 (0.19%; n = 4), and the common peroneal 38 (0.05%; n = 1). The pooled risk calculated for nerve injury from patient positioning during abdominoplasty was 0.49% (n = 10/2061 patients).
Akinbingol et al 33 reported a bilateral brachial plexus injury after abdominoplasty, liposuction, and reduction mammaplasty. The patient recovered after 5 months.
Van Uchelen et al 9 reported 1 case of musculocutaneous and radial nerve neuropraxia after abdominoplasty. Rhomberg et al 42 reported 1 case of musculocutaneous neuropraxia after abdominoplasty and mastopexy. The authors of both studies attributed the injuries to poor patient positioning, and Rhomberg et al 42 specified arm hyperabduction for an extended period. 46 Van Uchelen et al 9 reported that the injury was "temporary," while Rhomberg et al 42 reported complete recovery after the second postoperative day.
Rawlani et al 34 reported bilateral sciatic neuropathy after combined abdominoplasty and mastopexy. Kiermeir et al 35 reported 2 cases of sciatic nerve injury, the first after circumferential body lift and bilateral inner thigh lift and the second after bilateral mastopexy-breast augmentation, bilateral inner thigh lift, and abdominoplasty. The authors of both studies attributed the nerve injuries to traction created by hip flexion and knee extension. 34 In their prospective study, Gmür et al 38 reported 1 case of compression syndrome of the anterior and lateral compartments of the lower leg during an abdominoplasty combined with dermolipectomies; this case required a fasciotomy and caused palsy of the anterior and lateral compartments. Function recovered completely after a "few" months.
Nerve Deficits
The most common postabdominoplasty nerve deficit was decreased sensation (whether hypesthesia or anesthesia) in any sensory distribution, with 7.67% (n = 158/2061 patients) reporting these symptoms after abdominoplasty. The occurrence and maintenance of these postabdominoplasty deficits are not addressed within the literature. Articles that reported changes in sensation indicated follow-up times ranging from 4 to 60 months, but this was rarely specifically correlated with the presence of symptoms.
The presence or absence of cutaneous sensation changes was specifically noted in 11 articles. 9, 23, [26] [27] [28] [29] [30] 36, 41, 43, 45 Any surgical procedure is expected to affect cutaneous sensation, so sensory deficits near the surgical site were not included when calculating the incidence of specific nerve injuries (Table 3 ). The pooled risk of decreased sensation of the abdominal wall after abdominoplasty (Table 4 ) was calculated to be 6.21% (n = 128/2061 patients).
Pain or neuroma was the second most common sensory deficit. Seven reports describe incidents of chronic pain after abdominoplasty. 23 common symptoms of positional brachial plexus injury. The combined calculated risk of pain or neuroma after abdominoplasty was 1.07% (n = 22/2061 patients), with most (n = 21) localizing this pain to the abdominal wall. Muscle weakness (0.29%; n = 6/2061 patients) and paralysis (0.15%; n = 3) were the least common deficits after abdominoplasty. These deficits were associated with positional nerve injuries. 9, [33] [34] [35] 38, 42 Table 4 shows the pooled risks of deficits after abdominoplasty.
dIsCussIoN
By collecting and pooling in a systematic review the results of studies that refer to postabdominoplasty nerve injuries or deficits, we sought to determine the risk of nerve injury after abdominoplasty and provide a comprehensive treatment algorithm for those injuries.
Incidence of Nerve Injury After Abdominoplasty
During review, we found 21 articles that mention nerve pathology after abdominoplasty, as well as 2 articles that specifically mention a lack of nerve injuries or sensory pathologies after abdominoplasty. 28, 36 After pooling the data from 23 relevant articles, we estimate that 1.94% (n = 40/2061 patients) who underwent abdominoplasty in those studies experienced some sort of nerve injury, with an approximate ratio of 3:1 related to direct trauma versus patient positioning.
The mechanisms of nerve injury during any surgery may include direct mechanical injury (such as injury by scalpel, suture, or cautery), indirect neuropathy (injury caused by nerve entrapment in scar tissue created during surgery), or indirect compression neuropathy (injury resulting when surgical intervention creates tissue edema in and around a nerve located in a tight or unyielding anatomical space). Such injuries result in 1 of 3 resulting pathophysiologies: stump neuroma (in the case of transection), neuroma in continuity (in a mixed or incomplete direct nerve injury), or compression neuropathy (from scar or tissue edema at vulnerable anatomic tight points). 47 The nerve most likely to be injured by direct trauma is the lateral femoral cutaneous nerve (LFCN), with 1.36% (n = 28) of patients in our pooled data experiencing injury to this nerve. We determined that of the patients who sustained an LFCN injury, only 25% were noted as recovering from their symptoms, including those who underwent surgical treatment. This indicates that 1.02% (n = 21) sustained permanent injury to the LFCN after abdominoplasty and suggests the need for earlier surgical intervention to address the compromised nerve.
The iliohypogastric nerve was the second most commonly injured nerve postabdominoplasty, with 0.10% (n = 2) of patients in our pooled data sustaining an injury to this nerve. Confirmed iliohypogastric nerve injuries in our review required surgery for the resolution of symptoms, 25 ,32 although other articles that described pain symptoms consistent with iliohypogastric injury noted nonsurgical modalities such as gabapentin, steroid injections, or nerve blocks. 23, 40, 41, 43 Our results indicate that direct nerve injuries can best be avoided by ensuring thorough knowledge of the relevant anatomy and careful dissection within the nerves' vulnerable regions, such as at the anterior superior iliac spine (ASIS) for the LFCN.
32,48-50 Figure 2 and Table 5 detail the pertinent nerves. Specifically, the LFCN is best protected by recognizing the potential for anatomical variations in its relationship with the ASIS 50 and by leaving a swath of undissected loose areolar tissue covering this region. Restricting dissection to the planes and area classically described for abdominoplasty is the best method of protecting the ilioinguinal, iliohypogastric, genitofemoral, and lateral intercostal nerve branches. Overly wide dissection, blind dissection between planes, and randomly placed "deep bites" of tissue (eg, during muscle plication or near the ASIS) all have the potential to create unintentional direct nerve injury. The medial cutaneous branches of the intercostal nerves that pierce the rectus abdominis muscle on their way to provide sensation to anterior abdominal skin must routinely be transected during the course of a standard abdominoplasty dissection; these transections are therefore considered a routine part of the procedure and are not considered "nerve injuries."
We calculated the risk of postabdominoplasty nerve injury due to patient positioning to be 0.49% (n = 10) in our patient pool. It is important to note that most of these injuries occurred during surgeries that combined procedures. [33] [34] [35] 38, 42 Combining procedures increases operative time, which increases the time of malposition and likely precipitates injury. When presenting the symptoms of nerve pathology, many articles mentioned symptoms such as lower abdominal chronic pain without establishing the specific nerve responsible. For practicing physicians, the presentation of symptoms is more germane than the specific nerve injured, so we separated the symptoms of nerve pathology from the specific nerve injury. The most common postabdominoplasty nerve deficit was paresthesia related to decreased sensation, with 7.67% (n = 158) experiencing this symptom and most (n=128) experiencing it on the abdominal wall. Chronic pain or neuroma was the second most common postabdominoplasty deficit, at 1.07% (n = 22).
Positional nerve injuries are best prevented by ensuring thoughtful preoperative planning and recognizing that combined or lengthy procedures increase the risk for such injuries. However, our review suggests that some nerve injuries may be impossible to avoid; examples include direct nerve injuries caused by unusual anatomical variations and indirect nerve injuries caused by nerve entrapment during the normal process of scar tissue formation. In such cases, and certainly in the case of a recognized direct nerve injury, the best outcomes will be achieved by following an evidence-based approach to diagnosis and a management algorithm that emphasizes efficient diagnosis of the injury and early involvement of a peripheral nerve surgeon for treatment of refractory pain.
51-54
Comprehensive Treatment Algorithm
On the basis of our findings, we present a comprehensive treatment algorithm for postabdominoplasty nerve injuries. Management principles in peripheral nerve surgery begin with a rigorous diagnostic workup. Unless there is a high index of suspicion, these nerve injuries often go misdiagnosed or improperly managed for extended periods of time, 55 leading to a diminished quality of life for patients. For example, the patients described by Liszka et al 32 and Nahabedian and Dellon 25 were not definitively treated until more than 40 months after their initial abdominoplasty procedures. Patients with postabdominoplasty nerve injuries or deficits are often chronically and unnecessarily prescribed opioids and other pain medications to mask symptoms. It is not uncommon for them to be referred for psychiatric evaluation and subsequently started on antidepressants. Prolonged medical management risks the development of medication abuse or dependence, as well as further exposing the patient to the medications' morbidities. Additionally, untreated neuralgic pain can become amplified by the nervous system through the processes of peripheral and central sensitization 47, 56, 57 ; if treatment is delayed for an extended period, the pain may become centrally generated and no longer be responsive to deactivation of peripheral pain generators, effectively becoming permanent.
Expected postoperative pain as well as the broad, confounding differential diagnosis of lower abdominal pain may cloud the picture of nerve injury. Therefore, the diagnostic workup of patients with chronic postoperative abdominal wall pain must begin with an exclusion of other potential causes. In addition to a comprehensive history and physical examination, targeted abdominal examination should exclude surgical complications such as infection or fluid collection. Seroma and hematoma are well-known complications of abdominoplasty. Patients not in the immediate postoperative period should also receive a workup for familiar causes of abdominal pain such as hernia, endometriosis, or abdominal visceral disease. If all of the above are excluded, it is prudent to consider a neuropathic cause of pain.
Our review showed that nerve injury may present as sharp or burning pain, numbness, paresthesias, hyperesthesias, or allodynia. Pain due to nerve injury may begin shortly after the procedure or may present in a delayed fashion, but it inevitably persists beyond the expected recovery period. It is frequently located near an incision or within the expected sensory distribution of a peripheral nerve. Neuropathic pain of the abdominal wall is often of variable intensity and duration and may be accentuated by walking, stooping, and intercourse, or relieved by thigh flexion and the recumbent position. 58 Symptoms can be elicited with light pinching or pressure over the affected area, which is often localized, discrete, and accompanied by a positive Tinel's sign.
A diagnosis of nerve injury can be confirmed using local anesthetic nerve blocks proximal to the point of maximal pain and along the course of the suspected nerve. Traditionally, a surgically correctable nerve injury has been indicated by a pain reduction of 5 or more points on a 10-point scale when using nerve blocks. 59 This method, however, does not accurately predict surgical outcome due to the highly variable anatomic course of nerves in the abdominal wall and high incidence of false-negative results. 51 For positional compression or traction injuries of nerves in the extremities, electrodiagnostic testing may be used in the acute setting to establish the existence of nerve injury or in a delayed fashion (3-4 weeks postinjury) to document denervation or recovery. 46 When nerve injury is determined to be the cause of postabdominoplasty pain, the literature reports that appropriate therapy begins with conservative modalities. Either the patient or a physical therapist may be recruited to perform scar massage, desensitization, and sensory reeducation with simple maneuvers such as purposefully touching the area or allowing running water to pass over the area in the shower. Conservative management is initially appropriate because the pain associated with many nerve injuries will self-resolve with time. Sharing this information with the patient, in addition to validating the cause of his or her pain, may ease the emotional stress and uncertainty that often accompany chronic pain. In the short term, pharmacologic treatment with pain medications (opioid and nonopioid), anticonvulsants, tricyclic antidepressants, nerve blocks, or steroid injections may also be useful.
If pain does not improve in about 3 months (to a maximum of 6 months), a change of course is indicated, and it is appropriate to involve a peripheral nerve surgeon to evaluate the patient for surgical management of the pain. Appropriate referral and change of strategy are crucial at this juncture to avoid the scenarios, described above, wherein patients become increasingly dependent on medications and have diminishing quality of life or wherein the chronic pain becomes progressively centralized and difficult to treat definitively. 47, 56, 57 These outcomes can be avoided by employing peripheral nerve surgery at the appropriate time to address the cause, not just the symptoms, of a nerve injury.
The exact timing of surgical intervention will vary depending on the patient. Patients with debilitating pain and a well-localized lesion that responds to local anesthetic blocks are more likely to benefit from early surgery. It is not always necessary to wait 3 months after the onset of pain to perform surgical treatment. In some cases, patients may benefit from returning to the operating room shortly after the initial abdominoplasty (such as for an LFCN entrapped in a suture). It is appropriate to observe patients with less distressing symptoms, more poorly localized pain, or signs of improvement between office visits for 6 months to allow maximal time for spontaneous recovery. Surgical treatment of postabdominoplasty nerve injuries involves exploring the suspected injured nerves with neurolysis of entrapped nerves or neuroma excision and implantation of injured nerves into muscle or retroperitoneum. 48, 55, 60 Due to the highly variable anatomic course of these nerves and the risk of further nerve injury, only a surgeon experienced in these procedures should proceed.
In practice, we apply a similar algorithm to patients who present with pain after abdominal wall reconstruction procedures, as these patients can have nerve injuries and presentations similar to those of abdominoplasty patients.
Limitations
This review is limited by the quality of the available studies as well as their level of emphasis on postabdominoplasty nerve injuries. While general complications of abdominoplasty are the focus of many studies, most articles do not mention nerves. It is not known whether this lack of discussion is due to lack of injury or lack of consideration of nerve injury as a potential complication of abdominoplasty. To resolve this issue, we refined our exclusion criteria to remove articles that did not specifically mention either the presence or absence of nerve injuries as complications. We calculated the incidence of postabdominoplasty injury by assuming that an article that mentions a nerve deficit will have authors who exclude other deficits. For example, if an article noted that only one patient had decreased sensation without commenting on pain and weakness, we assumed that the incidence of pain and weakness was zero.
Our exclusion criteria failed to identify those articles whose authors believe that not mentioning a complication after abdominoplasty (such as decreased sensation, weakness, and pain) automatically implies that the incidence is zero. In other words, the article had to explicitly state the absence or presence of neurological deficits in order to be included, and in doing so we also excluded studies that did not consider nerve injury as a possible complication after abdominoplasty. Whether this method overestimates, underestimates, or accurately estimates the incidence of nerve injury is a matter of contention. For example, we calculated that 7.67% of patients had decreased sensation after abdominoplasty. Due to underreporting of this common abdominoplasty-related morbidity, this is most likely an underestimation of the true incidence of sensation changes.
The format of this study was also restricted by the quality and heterogeneity of available information. At best, a systematic review of articles is accompanied by a statistical meta-analysis. In this case, the heterogeneity in format and reporting of the substrate studies made a meta-analysis unfeasible. Instead, in order to best represent what is published in the known literature, we performed a comprehensive systematic review to identify and analyze all appropriate articles. To estimate rates of individual injury types for the same procedure among very different study types, we performed a pooled analysis in place of a true meta-analysis. The pooled analysis is drawn from the information garnered in the systematic review and is intended to provide a best estimate for the incidence of nerve injuries or deficits after abdominoplasty. This information can potentially be used by surgeons to determine whether the number of nerve injuries they encounter is in line with published series, by patients to better understand the risks of abdominoplasty, and by researchers to explore this topic in the future.
Articles variably reported nerve injuries either as injuries to specific nerves (eg, iliohypogastric nerve injury) or as symptoms that denote a nerve injury (eg, chronic pain, numbness, allodynia). In many cases, those articles that reported symptoms did not seek out the specific nerves responsible, clarify their diagnosis algorithm, or establish treatment protocols. Chronic lower-abdominal pain, for example, is suspect for nerve entrapment, but we were unable to verify true nerve injury based solely on this information, which leads to underestimation of the true incidence of nerve injury after abdominoplasty. Because of the inconsistency in reporting methods, our records followed a more complex system of tallying both "nerve injuries" and "symptoms/deficits." In an effort to be as inclusive as possible and arrive at the most accurate estimate of actual nerve injury rates, symptoms and deficits associated with nerve injuries were treated as surrogates for nerve injuries and were tallied separately when authors chose to report only these results.
We included LOE 4 and LOE 5 studies in our review and our calculations of the incidence of postabdominoplasty nerve injury. The three LOE 4 case series presented patients who experienced iliohypogastric nerve injury, chronic pain, or no injury after abdominoplasty. The four LOE 5 case reports presented patients with iliohypogastric nerve, brachial plexus, and sciatic nerve injuries. The exclusion of LOE 4 and LOE 5 articles would completely remove iliohypogastric nerve, sciatic nerve, and brachial plexus injuries after abdominoplasty from our results, preventing awareness and minimizing the importance of these nerves.
Additional data, including the study type, practice type, length of follow-up, male to female ratio, average BMI of patients, and abdominoplasty technique were also recorded. However, due to small sample size as well as differences in study design and reporting, we were unable to draw firm conclusions about specific factors that increase the risk of nerve injuries after abdominoplasties.
CoNCLusIoNs
Despite the high number of nerves along the course of abdominoplasty incisions and documented cases of injury, postabdominoplasty nerve injury is an underexplored risk of the procedure. Being aware of the rate of abdominoplastyrelated nerve injuries is important for both patients, whose quality of life stands to be affected, and physicians, who must recognize and manage these complications. A thorough knowledge of anatomy and anatomical variations helps prevent injuries, but a high index of suspicion should be maintained to accurately diagnose nerve injuries in patients presenting with chronic postoperative pain or apparent nerve dysfunction. A comprehensive treatment algorithm for these injuries based on available evidence in the literature is presented in this review. Appropriate and timely treatment by a multidisciplinary team, including a peripheral nerve surgeon, is critical to optimize patient outcomes after such injuries. Although this review estimates a low incidence of abdominoplasty-related nerve injuries, a more accurate incidence can only be obtained through better reporting of nerve injuries in future studies of abdominoplasty.
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